Background. Nutritional status predicts outcome in dialysis populations. Increased dialysis time and/or frequency reportedly improves nutritional status. We examined the impact of more intensive dialysis on body composition. Methods. A cross-sectional, matched study comparing home haemodialysis (HHD) patients (>15 h/week, n = 28) and conventional haemodialysis (CHD) patients (<15 h/ week, n = 28), matched for age, sex, length of time on dialysis and diabetes, was performed. We measured total body protein (TBP) by in vivo neutron activation, total body fat (TBF) and skeletal muscle mass (SKMM) by dual-energy x-ray absorptiometry (DEXA) and biochemical and inflammatory parameters. Visceral (VFA) and subcutaneous fat areas (SFA) were determined from computed tomography. Results. There was no significant difference in TBP (10.2 ± 1.9 kg CHD versus 10.8 ± 1.8 kg HHD, P = 0.18) or SKMM (25.6 ± 5.6 kg CHD versus 26.2 ± 4.2 kg HHD). TBF was not different (27.7 ± 10.7 kg CHD versus 27.8 ± 16.0 kg HHD), although the HHD group had greater VFA (182.0 ± 105.6 cm 2 versus 173.8 ± 90.1 cm 2 ) and lower SFA (306.7 ± 176.4 cm 2 versus 309.7 ± 138.1 cm 2 ), the difference was not statistically significant. Albumin concentrations were significantly increased in the HHD group (37.5 ± 3.56 g/L versus 35.18 ± 4.11 g/L, P = 0.03), whilst phosphate concentrations (1.57 ± 0.41 mmol/LHHD versus 1.92 ± 0.62 mmol/ LCHD, P = 0.02) and inflammatory parameters were lower. There was a positive relationship between hours of dialysis and TBP (β = 0.08; P = 0.03).
Introduction
Malnutrition, or more accurately defined protein-energy wasting (PEW) [1] , is common in the renal dialysis population with prevalence rates ranging from 18 to 73% [2] depending on dialysis modality and assessment criteria. The aetiology is multifactorial including poor appetite due to uraemic toxicity, dietary restrictions (both of which lead to reduced protein and energy intake) and increased catabolism due to multiple co-morbid conditions, metabolic acidosis and chronic inflammation [3] . In addition, the dialysis procedure itself can incite an inflammatory response, which accelerates protein and lean tissue mass breakdown [4, 5] . Large observational studies consistently demonstrate PEW as a powerful predictor of mortality whether defined by a low body mass index (BMI) or reduced albumin concentrations [6, 7] .
Recent evidence has highlighted a strong association between PEW and inflammation and atherosclerosis [8] , whereby they commonly co-exist and have multiplicative effects on cardiovascular disease and mortality [9] . Further, studies have shown not only that low BMI is detrimental, but also that high BMI seems protective in the haemodialysis (HD) group [10] , which is in direct opposition to the general population [11] .
Despite the importance of nutritional status in this population, its assessment is difficult as there is no single gold standard measurement and the surrogate biochemical parameters commonly used are confounded by other conditions such as inflammation and fluid overload, both of which are common in dialysis patients [12] . Total body weight can be divided into the primary compartments of adipose tissue, lean body mass (LBM) and skeleton. LBM can be regarded as a combination of protein and water (both extracellular and intracellular), and is found within muscle and organ mass. Nutritional parameters such as BMI, which have gained wide acceptance in the literature and have been used to illustrate the strong association between nutritional status and mortality, do not distinguish between LBM and adipose tissue. Hence, studies attempting to confirm which body component confers the mortality benefit seen with higher BMI in the dialysis population have yielded conflicting results [13, 14] .
Given the prevalence and impact of malnutrition in this population, many strategies to minimize the problem have been tried including oral supplementation [15] , intradialytic parenteral nutrition [16] , hormone replacement [17] , amino acid infusions [18] and more biocompatible membranes [19] , with limited clinical benefit. Another promising strategy is increased dialysis either by increasing the frequency of dialysis with short daily, high flow HD, or increasing the duration of dialysis with long, slow overnight HD, or both. Preliminary studies with these techniques have reported improved dietary intake, increased body weight and BMI, improved nutritional parameters and better clinical outcomes [20, 21] . However, the majority of these studies have used only surrogate biochemical markers of nutrition or measurements of weight that do not distinguish between major body compartments. Thus it is unclear whether the benefits seen are due to increased LBM, fat mass or other confounding factors such as reduced inflammation and improved fluid control.
We undertook a cross-sectional, matched study to examine the effects of increased duration and/or frequency of dialysis on nutritional state using gold standard body composition techniques in order to differentiate body compartments. We hypothesized that increased dialysis would lead to improved nutritional status, primarily due to preservation of total body protein mass.
Methods

Subjects
Study patients were recruited from the Home Hemodialysis (HHD) Unit at Monash Medical Centre, and the matched study patients from affiliated satellite HD units. All study patients had been stable on their HD regimen for greater than 12 months. Inclusion criteria were permanent arteriovenous access, age between 18-80 years, and able to give written informed consent. Patients were excluded if they had had an intercurrent illness or hospitalization within the preceding 3 months. All study participants used Fresenius 4008B haemodialysis machines with bicarbonate buffered solution, and high flux FX-60 dialysis membranes. The study was carried out in accordance with the Declaration of Helsinki, and was approved by Southern Health Human Research Ethics Committee at Monash Medical Centre, Clayton, Australia.
Study design
The study was a cross-sectional, matched trial comparing HHD patients (n = 28), performing alternate day/night dialysis for greater than 15 h per week to conventional haemodialysis (CHD) patients (n = 28), performing thrice weekly dialysis for less than 15 h per week. The HHD subjects were matched to the CHD group on age, gender, diabetic status and duration on renal replacement therapy. The HHD group included patients performing alternate day dialysis for 5 h per session (n = 7) and patients performing alternate night nocturnal haemodialysis (NHD) for 8 h per session (n = 21). This group was compared to their conventional counterparts together and then separately.
The primary outcome variables of interest were total body protein and lean body mass. In addition, fat mass and distribution and surrogate biochemical nutritional and inflammatory parameters were examined.
Biochemical parameters
Blood samples were taken in the fasting state, immediately pre-dialysis during the mid-week dialysis session. Serum parameters measured included albumin, transthyretin, urea, creatinine, haemoglobin, highsensitivity c-reactive protein (hsCRP), erythrocyte sedimentation rate (ESR), transferrin, phosphate, calcium, total cholesterol and interleukin-6 (IL-6). Serum concentrations were analysed at Monash Medical Centre using Synchron LX 20 Pro autoanalyser (Beckman Coulter Inc., Fullerton, CA, USA). IL-6 concentrations were measured using enzyme-linked immunosorbent assay module sets (Bender MedSystems, CA, USA). Kt/V was calculated using the Daugirdas formula [22] , and normalized protein catabolic rate (nPCR) was calculated using the formula described by Depner and Daugirdas [23] .
Body composition
All body composition measurements were taken 1 h post-dialysis with patients at their dry weight. Total body nitrogen (TBN) was measured by in vivo neutron activation (CV<4%) and body nitrogen content was then calculated as previously described [24] . Total body nitrogen was then normalized (for sex and height) to the general population and expressed as nitrogen index (NI), and total body protein (TBP) was calculated as 6.25× total body nitrogen content. Dual-energy x-ray absorptiometry (DEXA; GE Lunar Prodigy Fan Bean using software version 9.3; Madison WI) was used to measure total body fat (TBF) and regional fat mass (CV∼2%) and limb LBM (∼3%). Skeletal muscle mass (SKMM) was then estimated (CV∼3%) [25] . Abdominal regional adipose tissue volumes were obtained from a single computed tomography (CT) image at level L4-5 and then calculated by a single operator using customized software (SliceOmatic program software version 4.2; Tomovision, Montreal, Canada). Total body water (TBW), intracellular water (ICW) and extracellular water (ECW) were measured using multi-frequency bio-impedance (IM Impediment SFB7BIS; Brisbane) and expressed as a percentage of total body weight.
Statistical methods
Results were expressed as mean ± SD or median and interquartile range depending on data distribution for continuous variables, and as frequency and percentages for categorical variables. All skewed data were log transformed to meet standard normalized distribution criteria for analysis. Student's t-test was used for comparison of variables between groups. The relationship between total body protein and dialysis hours was assessed using linear regression. A P-value < 0.05 was considered statistically significant. All analyses were conducted using Intercooled Stata 10.0 (StataCorp, College Station Texas, USA). 
Results
Patient demographics were similar between the groups as shown in Table 1 . There was no significant difference in primary renal disease, co-morbidities or length of time on dialysis. The mean age in both groups was perhaps lower than the typical dialysis patient and may represent some selection bias. The mean hours of dialysis per week were significantly different between the groups, 13.9 ± 1.1 CHD versus 24.7 ± 4.7 HHD, P < 0.001. TBP 10.16 ± 1.88 kg CHD versus 10.82 ± 1.76 kg HHD, P = 0.18, was not different between the groups (Table 2) , and this persisted even after correction for height and sex with NI 0.94 ± 0.15 CHD versus 0.96 ± 0.12 HHD, P = 0.61. Other components of FFM such as total body FFM, limb LBM and SKMM were not different between the two groups as shown in Table 2 .
TBF was similar between the groups 27.70 ± 10.67 kg CHD versus 27.77 ± 16.02 kg HHD, P = 0.99 ( 2 , than the HHD group, but these did not quite reach statistical significance. Visceral to subcutaneous fat ratios were similar between the groups.
TBW was low in both groups with no significant difference (48.9 ± 4.5% versus 47.7 ± 7.9%, P = 0.49) (Table 4). Although ECW volumes were within normal range (19.2 ± 2.2% CHD versus 21.1 ± 3.9% HHD), low ICW:ECW ratios suggest their ECW volumes were relatively expanded (1.6 ± 0.2 CHD versus 1.3 ± 0.3 HHD), and to a greater degree in the HHD group (P = 0.02 and 0.0002, respectively). Lower ICW volumes (29.8 ± 3.2 versus 26.6 ± 6.2, P = 0.02) were seen in the HHD group as compared to the CHD group.
Serum albumin concentrations were higher in the HHD group 37.5 ± 3.56 g/L versus 35.18 ± 4.11 g/L CHD, P = 0.03, and phosphate concentrations were lower 1.57 ± 0.41 mmol/L HHD versus 1.92 ± 0.62 mmol/L CHD, P = 0.02. Other biochemical nutritional parameters were similar as shown in Table 5 . Inflammatory indices were significantly lower in the HHD group; median ESR 19 mm/h (7.8, 33.5) versus 28 mm/h (21.3, 43.8), IL-6 5.88 pg/mL (3.5, 10.4) versus 11.21 pg/mL (9.0, 18.7), P = 0.009 and P = 0.003, respectively, but there was no significant difference in hsCRP concentrations. Pre-dialysis urea levels were significantly lower in the HHD group 23.76 ± 6.81 mmol/L versus 18.81 ± 5.91 mmol/L, P = 0.005 as expected with increased frequency and time of dialysis.
Linear regression analysis showed a positive relationship between hours of dialysis and TBP β = 0.08 (95% CI 0.01 to 0.16; P = 0.03). When analysis was limited to comparing only NHD (>21 h/week) and their matched CHD controls (n = 21 both groups), there was no difference in the above results.
Discussion
To the authors' knowledge, this is the first study to report on differences in nutritional status with more frequent and/or increased time of dialysis using gold standard methods of body composition, which enable differentiation of body weight into LBM and fat mass.
Our data showed a significant improvement in biochemical nutritional parameters with higher serum albumin levels and improved phosphate control in the HHD group. This is consistent with the literature that in general reports a 0.2-0.4 g/dL (2-4 g/L) increase in albumin with either short daily haemodialysis (SDHD) or NHD [21] . Increased phosphate removal is widely recognized as a benefit of more intensive dialysis [26] given its pivotal role in vascular calcification and associated cardiac disease [27] . Similarly, inflammatory cytokines are commonly elevated in the dialysis population and are predictive of mortality [28, 29] . Our data showed the HHD group had better inflammatory profiles with significantly lower levels of ESR, ferritin and Values expressed as mean ± SD. Total body fat index = total body fat mass (kg)/ height (m) 2 . Values expressed as mean ± SD, as a percentage of total body weight. Values expressed as mean ± SD, median (interquartile range). a Calcium concentration corrected for serum albumin. hsCRP, high sensitivity C-reactive protein; ESR, erythrocyte sedimentation index; IL-6, interleukin 6.
IL-6. CRP levels were lower but did not reach statistical significance likely due to the large standard deviation of CRP limiting statistical power. In addition, although CRP is driven by IL-6, studies have shown that they do not always directly correlate suggesting dysregulated cytokine network in dialysis patients [28] . Overall the improved inflammatory profile seen with HHD is consistent with others who found a 95% reduction in CRP levels after 12 months of SDHD [30] . Possible explanations include reduced fluctuations of uraemic toxins leading to a reduced inflammatory response and improved clearance of middle sized molecules and thus inflammatory cytokines [31] . Total body nitrogen (TBN) reflects long-term nutritional changes and directly correlates with body protein stores [32] , thus providing a more accurate measure of TBP than anthropometry [24] or serum albumin. TBN is a powerful predictor of mortality in dialysis patients both in the short-term, with a NI <0.8 leading to a 48% likelihood of death within 12 months [33] , and in the long-term, with a hazard ratio of death of 2.62 at 6 years [34] . Many studies have reported improved appetite with increased time and/or frequency of dialysis [21, 35, 36] , but although nPCR was greater in the HHD group in our study, it did not reach statistical significance. One possibility for this is due to the fact the formula is dependent upon pre/post-urea differences that are much less in longer, more frequent hours' dialysis as there is less urea rebound, which may affect the accuracy of the formula for comparisons between the groups [37] .
We were unable to show any difference in TBP, NI or SKMM between the groups. This is consistent with available literature that frequently reports increases in serum albumin levels, but seldom reports an increase in LBM. Pierratos et al. measured TBN in 24 patients changed from CHD to NHD and showed an increase from 1.43 ± 0.38 to 1.89 ± 0.60 kg in 75% of patients [38] ; however, this was not confirmed by a later study that found no difference in LBM with either SDHD or NHD compared to matched CHD over an 18 month period [39] . A possible explanation for the lack of improvement in body protein mass could be that more frequent dialysis, with increased exposure to the extracorporeal circuit, leads to chronic immune stimulation, greater catabolism and increased protein turnover [40] . As we did not measure protein turnover in our study, this remains speculative and further studies are required for confirmation.
Recent evidence suggests that increased body fat may contribute to the survival advantage seen with a high BMI in dialysis patients with baseline body fat <12% having a hazard ratio of death four times that of body fat between 24-36%, even after adjustments for inflammation and muscle mass [41] . Our data showed no difference in TBF between the two groups. An increased visceral to subcutaneous fat ratio has been shown to be associated with multiple metabolic risk factors in the general population [42] and chronic kidney disease stages 3-4 [43] but in the HD population, where increased BMI appears protective, little evidence is available. Our study showed no significant difference in fat distribution between the groups. It is interesting to note, however, that both dialysis groups had VFA areas higher than the cutoff for increased risk of metabolic abnormalities in the general population [44] . Whether these levels are predictive in the dialysis population requires further longer-term studies.
Both groups showed low TBW volumes but relatively expanded ECW volumes as demonstrated by reduced ICW:ECW ratios, which was more marked in the HHD group. This was surprising to the authors as studies have consistently shown improved blood pressure control and reductions in left ventricular mass with both SDHD and NHD [30, 45] . However, the Ontario group reported no improvement in normalization of EC to IC fluid volume despite significant reductions in pre-dialysis mean arterial pressures in both SDHD and NHD [46] . In addition, Chan et al. found regression of left ventricular hypertrophy but no change in post-dialysis EC fluid volume in 28 patients changed from CHD to NHD [47] . This could suggest that the improved blood pressure control and cardiac remodelling seen with more intensive dialysis may be independent of fluid state and due to increased clearance of other substances. It must also be acknowledged that the accuracy of BIA can be affected by fluid overload [48] and by measuring postdialysis, adequate volume redistribution between compartments may not have occurred, thus altering the relationship between ICW and ECW. In addition, patients are assumed to have been at their ideal weight but as we did not use a gold-standard estimate of this a potential for error exists, thus influencing the accuracy of the results.
Limitations of our study include that it was crosssectional and non-randomized. However, as the mean duration of dialysis was long, the influence of the mode of dialysis on body composition should have been established, and groups were matched for important confounders in an effort to reduce selection bias. In fact, because we matched for time on dialysis, it is possible we selected survivors in both groups, more so in CHD as they have a shorter survival, thus decreasing our ability to show a benefit in body composition with more intensive dialysis.
In conclusion, this study showed that more intensive dialysis, with either alternate day/night HHD, was associated with improved inflammatory profiles and surrogate nutritional parameters but we were unable to show an improvement in overall nutritional status. This could suggest that the beneficial outcomes seen with more intensive dialysis may be independent of nutritional status and perhaps more related to less uraemic toxin fluctuations, increased clearance of mineral metabolism markers and improved inflammatory profiles. Further prospective, longer-term studies, using gold standard nutritional assessment are required to confirm whether more intensive dialysis affects body composition, and whether this impacts on metabolic risk and clinical outcome.
